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ABSTRACT

Drowsiness among drivers and machine operators is a major cause of road accidents and workplace mishaps. This project proposes a real-time
drowsiness detection system that leverages physiological signals—specifically heart rate and pressure rate—to monitor and assess a user's state of
alertness. The system integrates heart rate and pressure rate sensors to collect continuous biometric data, which are then processed and analyzed using a
machine learning algorithm. By training the model on labeled data indicating alert and drowsy states, the system learns to recognize subtle
physiological patterns associated with fatigue and drowsiness. The trained model can then accurately predict drowsy states and trigger timely alerts to
prevent accidents. This approach provides a non-intrusive, reliable, and adaptive solution for early drowsiness detection, improving safety in high-risk
environments such as transportation and industrial operations.
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INTRODUCTION

Drowsiness is a critical factor contributing to accidents in various sectors, especially in transportation and industrial operations. Fatigue-related
impairments reduce reaction time, decision-making ability, and awareness, making it one of the leading causes of road accidents and workplace
injuries. Traditional methods of drowsiness detection, such as video-based eye tracking or behavioral monitoring, although effective, often suffer from
limitations like poor performance under low-light conditions, high computational requirements, and user discomfort. To overcome these challenges,
physiological signal-based detection methods have gained popularity for their reliability, non-intrusiveness, and adaptability across environments.

This project proposes a novel approach to drowsiness detection by leveraging two physiological indicators: heart rate and pressure rate (blood pressure
or skin pressure), which tend to exhibit noticeable changes during the onset of fatigue. These biosignals are captured using wearable sensors, providing
a continuous stream of real-time data. Unlike visual monitoring systems, physiological signals offer deeper insights into the user’s internal state and are
less affected by external conditions. The collected data is processed and analyzed using machine learning algorithms capable of classifying alert versus
drowsy states. By training the model on labeled datasets, the system learns to identify patterns and anomalies that correspond to drowsiness. The
integration of machine learning ensures a dynamic and adaptive model that improves accuracy over time and across individuals. This research aims to
develop a robust, low-cost, and real-time system that enhances personal and public safety by detecting early signs of drowsiness and issuing timely
alerts. The proposed solution holds significant potential for applications in driver assistance systems, industrial safety mechanisms, and health
monitoring platforms.

LITERATURE SURVEY

Drowsiness detection has become a critical area of research due to the increasing number of accidents caused by fatigued driving. Physiological signals
such as heart rate and body pressure provide effective biometric data that can be used to detect early signs of drowsiness. Combining sensor data with
machine learning (ML) techniques enhances detection accuracy and real-time response

EXISTING SYSTEM

To overcome these limitations, recent systems have shifted towards physiological signal-based approaches. Among them, heart rate and pressure
sensors have shown promising results. Heart rate sensors monitor the driver's cardiac activity, which tends to slow down or show irregular patterns as
drowsiness sets in. Meanwhile, pressure sensors embedded in the driver's seat detect subtle shifts in posture and inactivity, which are common
indicators of fatigue.
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Existing systems leverage these sensors to collect real-time data, extract relevant features, and apply machine learning algorithms to accurately classify
the driver's alertness state. These systems are either wearable (e.g., smart bands, ECG straps) or integrated into the vehicle environment (e.g., smart seat
mats), offering a more robust and non-intrusive solution for drowsiness detection compared to traditional methods.

PROPOSED SYSTEM

The proposed system aims to develop an intelligent, real-time drowsiness detection system by integrating heart rate sensors, pressure sensors, and
machine learning algorithms. Unlike traditional vision-based approaches, this system focuses on physiological and postural signals, which are more
consistent and less affected by external conditions such as lighting or camera position.

1. System Components

Heart Rate Sensor (ECG or PPG-based):

Continuously monitors the driver’s heart rate and heart rate variability (HRV), which changes as drowsiness sets in.
Pressure Sensor (Seat-Embedded):

Tracks posture changes, pressure distribution, and movement frequency to detect signs of fatigue or inactivity.
Microcontroller (e.g., Arduino/Raspberry Pi):

Collects sensor data and transmits it to the processing unit for real-time analysis.

Machine Learning Model:

Trained on labeled data (awake vs. drowsy states) using algorithms such as:

Support Vector Machine (SVM)

Random Forest (RF)

Convolutional Neural Network (CNN)

Alert Module:

Triggers visual, audio, or vibration-based alerts if the system detects drowsiness.

2. Working Principle

1. Data Collection: Real-time data is collected from heart rate and pressure sensors.

2. Feature Extraction: Features such as HRV, pressure variation, and posture shifts are extracted.

3. Classification: The machine learning model classifies the driver’s state as alert or drowsy.

4. Alert System Activation: If drowsiness is detected, an immediate alert is triggered to prevent accidents.

3. Advantages Over Existing Systems

Works reliably in all lighting conditions

No camera required (ensures privacy)

Combines multiple physiological indicators for higher accuracy

Portable and can be integrated into any vehicle.
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METHODOLOGY

This study proposes a real-time drowsiness detection system that leverages physiological signals—specifically heart rate and body pressure—combined
with machine learning algorithms to accurately identify early signs of fatigue or sleep onset. The goal is to create a low-cost, non-intrusive solution that
can be implemented in vehicles, workstations, or high-risk environments where alertness is critical.

1. Data Acquisition:

The system begins with the use of low-cost sensors:

Heart Rate Sensor (e.g., MAX30102 or Pulse Sensor): Monitors real-time heart rate variability (HRV).

Pressure Sensor (e.g., Force Sensitive Resistors - FSR): Placed on the seat to monitor subtle shifts in body pressure, posture, and movement.

Both sensors are connected to a microcontroller (such as Arduino or Raspberry Pi), which records data at fixed intervals (e.g., every second). The data
is timestamped and synchronized to build a coherent dataset.

2. Data Preprocessing:

Collected data often contains noise, which is filtered using smoothing techniques like moving averages or Kalman filtering. Features are then extracted:
From heart rate: HRV, average heart rate, standard deviation, and frequency domain features.

From pressure sensor: Changes in posture, static sitting time, and sudden micro-shifts indicating alertness or restlessness.

3. Labeling and Dataset Formation:

To build the machine learning model, supervised learning is used. During data collection, the subject’s drowsiness state is recorded manually or using
EEG-based reference tools. Labels include: Alert, Drowsy, and Sleep Onset.

4. Model Training:

Various machine learning models are evaluated, such as:

Logistic Regression

Support Vector Machines (SVM)

Random Forest

Gradient Boosting (e.g., XGBoost)

Neural Networks

The model is trained and validated using cross-validation techniques to avoid overfitting. Feature selection is performed to determine which
physiological signals are most predictive.

5. Real-Time Implementation:

The trained model is embedded into a lightweight on-device application. It continuously monitors real-time input, classifies the user’s state, and triggers
an alert (vibration, buzzer, or visual signal) when drowsiness is detected.

This method is efficient, low-cost, and does not rely on cameras, making it ideal for privacy-sensitive environments and applications like driver
monitoring or operator fatigue detection.

CONCLUSION

The proposed drowsiness detection system utilizing heart rate and pressure sensors, combined with machine learning algorithms, presents a reliable and
efficient solution to address driver fatigue—a major cause of road accidents. By monitoring physiological and behavioral parameters such as heart rate
variability and seating posture, the system can detect early signs of drowsiness with higher accuracy. Machine learning enhances the system's ability to
classify alertness levels in real-time and adapt to individual user patterns, reducing false detections. Unlike traditional vision-based systems, this
approach is non-intrusive, unaffected by lighting or facial obstructions, and respects user privacy. Its potential for integration into vehicle seats or
wearable devices makes it practical for real-world applications. Overall, this system contributes significantly to improving road safety, offering a smart
and proactive method to prevent accidents caused by driver fatigue. Future developments can focus on cloud-based data analysis and integration with
advanced driver assistance systems (ADAS).
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